Using the ÙÒÒ Ò evolutionary population synthesis (EPS) models with and without binary interactions, we present the luminosity of Hα recombination line (L Hα ), the luminosity of [OII]λ3727 forbidden-line doublet (L [OII] ), the ultraviolet (UV) fluxes at 1500 and 2800Å (L i,UV ) and far-infrared flux (L FIR ) for Burst, S0, Sa-Sd and Irr galaxies, and present the calibrations of star formation rate (SFR) in terms of these diagnostics.
can be used to compare with those distant galaxies at cosmological lookback times, and extrapolate the future timescales for star formation in galaxies by combining with HI and CO measurements (Kennicutt, Tamblyn & Congdon 1994) . Moreover, star formation activity is usually correlated with cold gas and stars in galaxies: stars continuously produce mass, energy and metals during their evolution processes, and return them to galactic medium (gas), affecting the status of the next generation of stars. SFR carries the information on the evolution of galaxies. Therefore, it is important to determine SFR and its variation with Hubble type (loose definition) and environment, which can help us to understand the evolution of galaxies.
The commonly used SFR tracers include the flux of Hα nebular recombination line, the ultraviolet (UV) continuum flux, the flux of [OII]λ 3727 forbidden-line doublet and far infra-red (FIR) continuum flux (K98). These SFR tracers are more or less correlated with the UV passband.
• First, the UV flux is directly tied to the photospheric emission of the young stellar population (SP).
• Second, the integrated luminosity of galaxy shortward of the Lyman limit (Far-UV) can ionize the hydrogen in the nebula and produce the recombination lines (such as Hα, Hβ, and so on). Thus the luminosities of these lines can be used to trace SFR.
• Third, the luminosity of the strong [OII]λ 3727 forbidden-line doublet is often empirically obtained through the Hα luminosity, although it is not coupled to the ionizing luminosity and the excitation of this line is sensitive to abundance and the ionization state of the gas.
• Finally, the last SFR trace, the FIR luminosity, is also correlated with the UV passband. The interstellar dust can absorb the bolometric luminosity of galaxy and re-emit it in the thermal IR passband. The absorption cross section of the dust peaks in the UV passband, and, since the UV flux is considered as a tracer of young SP, the FIR luminosity can also diagnose SFR.
Furthermore, the last three diagnostics and the corresponding calibrations of SFR are correlated with the UV flux. Since in our previous studies, we found that the inclusion of binary interactions in evolutionary population synthesis (EPS) models can raise the UV flux by ∼ 2-3 magnitudes for SP at an age of ∼ 1 Gyr (Zhang et al. 2004 (Zhang et al. , 2005 , in this study we will discuss the effect of binary interactions on these calibrations.
The outline of the paper is as follows. In Section 2 we describe the used EPS models and algorithm. In Section 3 we overview the previous results about SFR calibrations, and the advantages and disadvantages of these SFR tracers. In Section 4 we give the effect of binary interactions on these SFR calibrations. In Section 5 we discuss the effects of initial mass function (IMF), gas-recycle assumption and the EPS models on these SFR calibrations, and give the conversion coefficients between SFR and these tracers for all models. Finally we present a summary and conclusions in Section 6.
MODELS AND ALGORITHM

Spectral synthesis models
First, we use the ÙÒÒ Ò EPS models, which have been built by Zhang and her colleagues since 2002 (Zhang et al. 2002) . The main characteristic of ÙÒÒ Ò EPS models is the inclusion of various binary interactions. ÙÒÒ Ò EPS models have given the results of SPs with and without binary interactions at seven metallicities (from 0.0001 to 0.03) and 90 ages (from 0.1Myr to 15Gyr).
The ÙÒÒ Ò EPS models were built on the basis of the Ñ Ö stellar evolutionary tracks (Eggleton 1971 (Eggleton , 1972 (Eggleton , 1973 , Ë Ä¹¾º¼ stellar atmosphere models (Lejeune, Cuisinier & Buser 1997 and various initial distributions of stars. The Ñ¹ Ö stellar evolutionary tracks are obtained by using the rapid stellar evolution code (Hurley, Pols & Tout 2000; Hurley, Tout & Pols 2002) , which is based on the stellar evolutionary tracks by Pols et al. (1998) .
In this work we use a set of standard ÙÒÒ Ò EPS models at solar metallicity. The description of standard models is as follows: (i) the initial mass of the primary M1 is given by M1 = 0.19X (1 − X) 0.75 + 0.032(1 − X) 0.25 ,
where X is a random variable uniformly distributed in the range [0, 1] . This expression is the approximation by Eggleton, Fitchett & Tout (1989, hereafter EFT) to the IMF (φ(M ) = dN/dM ) of Miller & Scalo (1979, hereafter MS79) : 
in which M is the stellar mass in units of M⊙; (ii) the initial masses of the component stars in a binary system are assumed to be correlated, and the initial mass of the secondary is obtained from a uniform mass-ratio q distribution (Mazeh et al. 1992; Goldberg & Mazeh 1994) ; (iii) the distribution of separation between two component stars takes the following form:
in which asep ≈ 0.070, a0 = 10R⊙, a1 = 5.75 × 10 6 R⊙ and m ≈ 1.2 (Han, Podsiadlowski & Eggleton 1995); and (iv) the eccentricity values follow a uniform distribution.
In the standard ÙÒÒ Ò EPS models, approximately 50% of stellar systems are binary systems with orbital periods less than 100yr. This fraction is a typical value for the Galaxy, resulting in ∼ 10.1% of the binaries experiencing Roche lobe overflow during the past 13 Gyr (see Han et al. 1995) .
To investigate the effect of IMF on the results, we use another set of solar-metallicity ÙÒÒ Ò EPS models, which differs from the standard models by the initial mass distributions of the primary and secondary stars. In this set of models, (i) the initial mass of the primary is given by
This expression is the approximation by EFT to the IMF of Salpeter (1955, hereafter S55) with α = −2.35, i.e., Table 1 . Description of the used ÙÒÒ Ò¸ ¼¿¸ ÁËË Ä ¸ÈÓÔËÌ Ê¸ËÌ Ê ÍÊËÌ ¹Ú º¼¾ and È Ë ¹Ú¾ EPS models. The superscript 'C' means that it is available to choose, 'A' means that it is added by this work. name evolutionary LIB., Z, age range (yr) spectral LIB.
In the ÙÒÒ Ò models the IMF is for the primary in binary a system. * 2 ÁËË Ä models use several stellar evolutionary libraries, Ò Ú is the main one. * 3 ÁËË Ä models use the combination of several stellar spectral libraries. * 4 ÈÓÔËÌ Ê models use several stellar spectral libraries, Ë Ä is the main one. * 5 ÈÓÔËÌ Ê models provide the number of ionizing photons Q(H, HeI, HeII, OI), the luminosities of emission-lines L (Hα,Hβ) . In the 2nd of a series, the luminosities of the other 18 emission-lines are provided as a function of Q(H) for HII region. * 6 ËÌ Ê ÍÊËÌ models provide Q(H, HeI, HeII) and L (Hα,Hβ,Pβ,BG) . * 7 È Ë models provide Q(H) and the luminosities of 61 spectral lines.
and (ii) the masses of the component stars in a binary system are assumed to be uncorrelated, i.e., the secondary mass is chosen independently from the same IMF as the primary. In Table. 1 we give the main characteristics of the used EPS models. The first column gives the name of each EPS model, the 2nd-5th columns give the used stellar evolutionary tracks (including metallicity Z and the age range), the used stellar atmosphere models, the used IMF and the lower and upper mass limits (M l and Mu), and the last column describes whether the integrated spectral energy distributions (ISEDs), the number of ionizing photons Q and the luminosities of spectral lines L lines are provided by the corresponding models.
Other spectral synthesis models
To check the effect of spectral synthesis models on these SFR calibrations, we also use the v6.02 (Leitherer et al. 1999; Vázquez & Leitherer 2005; Leitherer et al. 2010 ) and È Ë v2 (Fioc & Rocca-Volmerange 1997 , 1999 ) models. All these models do not include binary interactions, and the characteristics of them are also summarized in Table 1 . Next we describe in more detail the main ingredients of these additional EPS models.
a. ÁËË Ä and ¼¿ models ÁËË Ä and ¼¿ models were built by Charlot in 1993 and 2003, respectively , and provided the results of SPs at six metallicities (from 0.0001 to 0.05) and 221 ages (from 1 Myr to 20 Gyr) in tabular form.
ÁËË Ä models were based on the Ò Ú stellar evolutionary tracks (Maeder & Meynet 1989 , 1991 mainly, the MS79 IMF with the lower and upper mass limits M l = 0.1 and Mu = 100.M⊙ (see Eq. 2), and the combination of several stellar spectral libraries (we refer the interested reader to their paper for details).
For the ¼¿ models, they used two sets of stellar evolutionary tracks (È ÓÚ 
in which Mc = 0.08 M⊙, σ = 0.69 and M is the stellar mass in units of M⊙. For both IMFs, the lower and upper mass limits are 0.1 and 100.M⊙. For the ÁËË Ä models, we use the set of ISEDs for solar-metallicity SPs. For the ¼¿ models we use the set of ISEDs of solar-metallicity SPs, which are derived by using the È ÓÚ -1994 stellar evolutionary tracks and Ë Ä¹¿º½ stellar spectral library.
b. ÈÓÔËÌ Ê models
The ÈÓÔËÌ Ê models were built by Mollá, García-Vargas & Bressan (2009) . In their models, they used a revision of the È ÓÚ (Bressan, Granato & Silva 1998) isochrones used in Garcia-Vargas, Molla & Bressan (1998) , and the Ë Ä stellar atmosphere models (LCB97, LCB98) mainly. All the results [the number of ionizing photons Q(H, HeI, HeII, OI) and the emission-line luminosities L (Hα,Hβ) ] of SPs are provided in tabular form, including six metallicities, six IMFs and 93 ages (from 0.1Myr to logt/yr =9.78). We choose the two solar-metallicity sets, corresponding to the following IMFs:
• the S55 IMF with α = −2.35 and mass range of 0.15 − 100 M⊙ (because the M l is different from that of the other models, we call S55' IMF in Table 1 );
• the Kroupa IMF (2001, hereafter K01)
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Moreover in the 2nd paper of a series (Martín-Manjón et al. 2010) , the luminosities of other 18 emission-lines are given.
c. ËÌ Ê ÍÊËÌ -v6.02 code ËÌ Ê ÍÊËÌ 1 is a web based software and data package designed to model spectrophotometric and related properties of star-forming galaxies. It was developed by researchers in Space Telescope Science Institute. We use the 6.02 version. The description of the model input physics is given by Leitherer et al. (1999) , Vázquez & Leitherer (2005) and Leitherer et al. (2010) .
• For the ËÌ Ê ÍÊËÌ -v6.02 code, four sets of stellar evolutionary tracks are provided, each set including 5 metallicities. We choose the set of solar-metallicity È ÓÚ AGB tracks (including thermally pulsing AGB stars, the 44th tracks).
• Five sets of stellar atmosphere libraries are provided, we choose the Ë Ä stellar atmosphere models (LCB97, LCB98).
• By default, the Kroupa IMF with two mass intervals (the exponent α = [−1.3, −2.3], the mass boundary Mcut = +[0.1 ,0.5, 100.] M⊙) is used. To be consistent with those of the other spectral synthesis models, we change this IMF form to (i) the S55 IMF with α = −2.35 and (ii) the Kroupa (1993, hereafter K93) IMF with three mass intervals:
in which C1 = 0.035, C2 = 0.019, C3 = 0.019 and M is the stellar mass in units of M⊙. Because all coefficients in Eq. 8 are set to 1 in this study (see also È Ë ), we call K93' IMF in Table 1 .
• Two cases of star formation (const, without) are provided to choose, we choose the case of fixed mass (i.e., without star formation).
At last, we obtain the ISEDs, the number of ionizing photons Q(H, HeI, HeII), the emission-line luminosities L (Hα,Hβ,Pβ,BG) of solar-metallicity SPs at 83 ages in the range 1Myr-15Gyr at an interval of logt/yr = 0.05.
2 is a code to compute the spectral evolution of galaxies, and was developed by Fioc & Rocca-Volmerange (1997 , 1999 . The evolution of the stars, gas and metals is followed for a law of star formation and a stellar IMF. The stellar evolutionary tracks extend from the main sequence to the white dwarf stage. The emission of the gas in HII regions is also taken into account. We use the 2.0 version. The main improvement in version 2 is the use of evolutionary tracks of different metallicities (from 10 −4 to 5 Z⊙). The effect of extinction by dust is also modeled using a radiative transfer code.
• For the È Ë -v2 code, a set of È ÓÚ stellar • Among the nine IMFs provided, we choose the S55 IMF with α = −2.35 and K93 IMF. The upper and lower mass limits of both IMFs are set to 0.1 and 100 M⊙ (by default, Mu=120. M⊙), respectively. Because the coefficients of K93 IMF (see Eq. 8) are set to 1 in the È Ë code, we also call K93' IMF in Table 1 .
• Among the six forms of SFR provided, we choose the instantaneous burst, the const SFR and the exponentially decreasing form (SF R = p2 · exp(−τ /p1)/p1, p2=1.0) with the timescales (p1) of 1, 2, 3, 5, 15 and 30 Gyr. They are used to built Burst, Irr, E-Sd types of galaxies, respectively.
• For the other model input parameters, the default values are used. Metallicity (mass fraction) of the interstellar medium (ISM) at t = 0 is zero, the fraction of close binary systems is 0.5, and the mass fraction of sub-stellar objects formed is 0.0. And the default evolution processes are used, the evolution of stellar metallicity is consistent, stellar wind, infall, galactic winds and global extinction are neglected and nebular emission is considered.
Using the above set of input parameters and physics, we obtain the number of ionizing photons Q(H) and the luminosity of recombination line LHα for Burst, E, S0, SaSd and Irr galaxies at 68 ages in the range of 1Myr-20Gyr.
Comments on the above mentioned models
For È Ë models we directly use their results because they consider the star formation and nebular emission. For the other models ( ÁËË Ä ¸ ¼¿¸ÈÓÔËÌ Ê Ò ËÌ Ê¹ ÍÊËÌ ), we need to generate the results of galaxies with different galaxy types by means of spectral synthesis models. Because the ISEDs are not provided for ÈÓÔËÌ Ê models, we could not give the ISEDs of galaxies with different galaxy types (therefore the UV and FIR continuum fluxes), we only could give the luminosities of the Hα recombination line and the [OII]λ3727 forbidden-line doublet, and the nebular emission continuum by using the number of ionizing photons Q(H) provided by them.
Construction of galaxies with different galaxy types
The construction of galaxies with different galaxy types has been described in our previous paper (Zhang et al. 2010) .
In brief, we use the ¼¿ software package to build them. Eight galaxy types (Burst, E, S0, Sa-Sd and Irr) are included, and they are built by a delta-form SFR, six exponentially decreasing SFRs with characteristic time-decays τ = 1, 2, 3, 5, 10, 15, and 30 Gyr and a constant-form SFR, respectively. The exponentially decreasing SFR is given by
where τ is the e-folding timescale, MPG(t) = [1 − exp(−t/τ )] − Mstars − Mremnants is the mass of gas that has been processed into stars and then returned to the ISM at time t, Mstars and Mremnants are the masses of stars and remnants at t, and ε denotes the fraction of MPG(t) that can be recycled into new star formation.
Computations of LHα, L [OII] , LFIR and nebular continuum
In this part, we will describe the computations of the luminosity of the Hα recombination line LHα, the luminosity of the [OII]λ3727 forbidden-line double L [OII] , the FIR flux LFIR and the emission of nebular continuum F neb,λ . Before the computation of LHα, we must calculate the number of ionizing photons Q(H). During the computation of Q(H), one method assumes that it only comes from young (< 10 Myr) and massive ( > ∼ 20-25 M⊙) stars (such as K98, ËÌ Ê ÍÊËÌ ). Another method obtains that number by integrating the photons below 912Å (such as ÈÓÔËÌ Ê). We choose the second method, i.e.,
where Fν is the stellar flux in Hz, ν is frequency and h is the Planck constant (= 6.6262 × 10 −27 erg s). Then, we assume that all the star formation is traced by the ionized gas, although in the È Ë code 70 per cent of the Lyman continuum photons computed from the spectral synthesis models are absorbed by the gas (i.e., ionize the gas) and the rest (30%) are absorbed by dust when considering extinction. At last, we use Case B recombination at electron temperature Te=10,000K and number density ne = 100cm −3 . The same set of the parameter values (Case B, Te and ne) is used by K98, ËÌ ÊÍ ÍÊËÌ and other studies. Under the above assumptions, the luminosity of Hα can be obtained by the following expression (ÈÓÔËÌ Ê):
where αB is the recombination coefficient to the excited level in hydrogen, which depends on the electronic temperature, jB and αB are from Ferland (1980) , and the ratio α/β is taken from Osterbrock (1989) .
, is often obtained by an empirical method. In this paper we obtain it by assuming the ratio of the luminosity of [OII] λ3727Å to Hα, L [OII] /LHα = 0.45, as used by K98, although in the È Ë code it equals to 3.01/2.915, and the discrepancy in the L [OII] /LHα is large for the different types of galaxies.
The FIR luminosity is mainly used to calibrate the SFR of starburst galaxies, for which the FIR luminosity is often assumed to equal to the bolometric luminosity, LFIR = LBOL.
At last, the emission of nebular continuum can be obtained by:
where c is the light velocity and Γ is the emission coefficient for hydrogen and helium (He/H=0.1), which includes free-free and free-bound contributions and the emission coefficient due to the two-photon continuum. The Γ coefficient is wavelength-dependent and is taken from Aller (1984) and Ferland (1980) .
OVERVIEW OF SFR CALIBRATIONS AND PROPERTIES OF SFR TRACERS
In order to compare our derived results with the previous studies, in this part we will overview the previous results about SFR calibrations in terms of luminosities of recombination-line, forbidden-line, UV and FIR continuum, and overview the properties (advantages and drawbacks) of these SFR tracers.
Overview of SF R.vs.LUV
The UV luminosity, LUV, is directly tied to the emission of the young SP. For convenience, it is often expressed as the linear relation with SFR by previous studies: SF RUV = FUV × LUV, where SF RUV and LUV are in units of M⊙ yr
and erg s −1 Hz −1 . This kind of SFR calibration is valid only for galaxies with continuous SFR over timescales of 10 8 or longer (K98). Its advantage is that it can be applied to starforming galaxies over a wide range of redshifts. Its drawback is that it is sensitive to extinction and the form of the IMF.
Because different EPS models and methods are used, the obtained conversion factor FUV between SF RUV and LUV is different, being the difference as big as 0.3 dex (K98):
• K98 has obtained FUV = 1.4 × 10 −28 by using the S55 IMF with mass limits 0.1 and 100 M⊙ and solar abundance.
• Madau, Pozzetti & Dickinson (1998, hereafter MPD98) have obtained FUV = (1.25 × 10 −28 , 1.26 × 10 −28 ) at (1500Å, 2800Å) by using the S55 IMF, and FUV = (2.86 × 10 −28 , 1.96 × 10 −28 ) by using the Scalo (1986) IMF. In their studies the calibration factors are from models with an exponentially decreasing SFR.
• Gilbank et al. (2010, hereafter G10) have obtained FUV = 0.71 × 10 −28 by using the È Ë code (assuming a constant SFR over 1 Gyr and a Kroupa IMF around solar metallicity).
Overview of SF R.vs.LHα
Also, the luminosity of Hα recombination line, LHα, is often expressed as the linear relation with SFR: SF RHα = FHα × LHα, where SF RHα and LHα are in units of M⊙ yr −1 and erg s −1 . This equation traces the instantaneous SFR. Its primary advantage is its high sensitivity. In addition, Hα is typically so conspicuous that it can easily be detected. Its drawback is that it is sensitive to extinction, IMF and the assumption that all of the massive star formation is traced by the ionizing gas. The conversion factor FHα obtained by different studies is as follows:
• K98 has obtained FHα = 7.9 × 10 −42 by using the S55 IMF with α = 2.35 and the upper and lower mass limits M l = 0.1 and Mu = 100. M⊙. This value is obtained from a constant star formation model at 'equilibrium'. The similar value has also been obtained by Kennicutt, Tamblyn & Congdon (1994) and MPD98 when using the S55 IMF. This factor has been adopted by Shi, Gu & Peng (2006) and G10. In the work of G10, they have pointed out that the factor is similar to that obtained from the È Ë code. −42 by using K01 IMF. This value is multiplied by 1.5 in the works of Tremonti et al. 2004 and G10 in order to convert to the S55 IMF. A factor of 1.5 corresponds to the ratio of mass in the two IMFs for the same amount of ionizing radiation.
• Mateus et al. (2007) have obtained FHα = 5.22 × 10 −42 × 10 −0.4(r−r fibre ) , where r is the Petrosian magnitude representing the total galaxy flux, r fibre is the r−band fibre magnitude, and the last term is for aperture effect. This equation is derived by using the expression adapted from K98 for a Cha03 IMF (0.1 − 100M⊙) and the prescriptions given by Hopkins et al. (2003, hereafter H03) . This conversion factor has been used by Huang & Gu (2009) .
• K98 argued that when adopting the Scalo (1986) IMF, the derived SF RHα is approximately three times higher than that derived with a Salpeter IMF.
Overview of SF R.vs.L [OII]
The [OII]λ3727Å forbidden-line doublet is one of the strongest emission lines in the blue. It is accessible to optical observations over a wide range of redshifts. Therefore, it provides a very useful estimate of the SFR in distant galaxies (Schaerer 1999, K98) . Its disadvantage is less precise than that from Hα and may also be prone to systematic errors from extinction and variations in the diffuse gas fraction. Often, SFR is expressed as the linear relation with the luminosity
, where SF R [OII] and L [OII] are in units of M⊙ yr −1 and erg s −1 .
• K98 has obtained
• H03 have obtained F [OII] = 3.37 × 10 −41 by using L [OII] /LHα = 0.23 and the calibration factor FHα = 7.9 × 10 −42 of K98.
• G10 have obtained F [OII] = 3.95 × 10 −41 by assuming the ratio of extinguished [OII] to Hα flux L [OII] /LHα = 0.5, 1 mag of extinction at Hα and the calibration factor FHα = 7.9 × 10 −42 of K98. If neglecting the extinction, the G10 conversion factor F [OII] = 1.57 × 10 −41 .
Overview of SF R.vs.LF IR
The FIR (10-300 µm) luminosity, LFIR, is only used to trace SFR of starburst galaxies with ages less than 10 8 years. Its drawback is that it is also sensitive to IMF and extinction. Using the models of Leitherer & Heckman (1995) for continuous bursts of age 10-100 Myr and the S55 IMF with the lower and upper mass limits M l = 0.1 and Mu = 100 M ⊙ , K98 has presented the conversion factor between SF RFIR and LFIR: FFIR = 4.5 × 10 −44 M⊙ yr −1 /erg s −1 .
EFFECT OF BINARY INTERACTIONS ON SFR CALIBRATIONS AND COMPARISONS
For the sake of clarity, we define eight sets of models. The two sets of Models A and B use the ÙÒÒ Ò EPS models with and without binary interactions, respectively. The six sets of Models C(Cr), D, E, F and G use the
and È Ë models, respectively. In Table 2 we give the name of each set of models in the 1st column, the name of used EPS model in the 2nd column, the condition that binary interactions are taken into account in the 3rd column, the IMF in the 4th column, and the 5th column denotes the condition that the assumption of gasrecycle is used, where 'N' means ε in Eq. 9 equals to zero (i.e., the gas could not be recycled into new star formation) and 'Y' means ε = 1 (i.e., the gas could be recycled). In the seven sets of Models A-G ε = 0, and in the set of Model Cr ε = 1. For each set of models two subsets are considered, depending on the IMF. To distinguish them, the name of used IMF (the 4th column) is the supplement to the name in the 1st column of Table 2 .
In this section we mainly discuss the effect of binary interactions on the SFR calibrations. Therefore, only Models A-MS79 and B-MS79 are used, which are based on the standard ÙÒÒ Ò EPS models. The other models will be used in the next section to discussion the effects of IMF, gas-recycle assumption and EPS models on the results.
In this section we obtain the number of ionizing photons Q(H), the luminosity of Hα recombination line LHα, the luminosity of [OII]λ3727 forbidden-line doublet L [OII] , the UV fluxes at 1500 and 2800Å, Li,UV, and FIR flux LFIR of Burst, E, S0, Sa-Sd and Irr galaxies for both Models A-MS79 and B-MS79. We also give the conversion factors between SFR and these SFR diagnostics. 
SFR.vs.LHα
In Fig. 1 we give the relation between log(SF R) and log(LHα) (note the logarithmic scale) of E, S0, Sa-Sc and Sd galaxy types in the range of 0.1 Myr-15 Gyr for Models A-MS79 and B-MS79. Also shown are the SFR(LHα) calibrations of K98 and B04. If the aperture effect is neglected, the conversion factor of Mateus et al. (2007) is similar to that of B04 (see Section 3), so we do not show it in Fig. 1 for the sake of clarity.
From Fig. 1 we see that the log(SF R) varies linearly with log(LHα) within a certain age range (from logt/yr>7.5 for E-type to logt/yr>8.5 for Sd-type in Model A-MS79, from logt/yr>7.1 for E-type to logt/yr>8.5 for Sd-type in Model B-MS79) for both Models A-MS79 and B-MS79. And, for an given log(LHα), the log(SF R) of Model A-MS79 is smaller by an amount of ∼0.2 dex than that of Model B-MS79 when log(SF R) > ∼ − 11, i.e., the inclusion of binary interactions can lower the derived SF R in terms of LHα. When comparing with the SFR of K98 and B04 at a given LHα, we find that the log(SF R) increases from B04, K98, Model A-MS79 and Model B-MS79 in turn, and the discrepancy in the log(SF R) between K98 and Model A-MS79 is small.
The reason that binary interactions lower the SF R at a given LHα is that they raise the number of ionizing photons Q(H). In Fig. 2 we give the evolution of log(Q(H)) for Burst, E, S0-Sc and Sd galaxy types. From it we see that the log(Q(H)) of Model A-MS79 is significantly greater than that of Model B-MS79 for Bursts in the age range 6.7 < ∼ log t/yr < ∼ 8.4, the difference in log(Q(H)) reaching ∼2 dex at an age of logt/yr=7.5. For E-S0-Sd galaxy types binary interactions also can raise log(Q(H)) when logt/yr > ∼ 6.7. The raise of Q(H) is caused by the fact that binary interactions increment the UV spectrum at the corresponding ages. In Fig. 3 we give the stellar and nebular spectra of the Burst galaxy type (SP) at an age of logt/yr=7.5 for both Models A-MS79 and B-MS79. From it we see that binary interactions not only raise the stellar spectrum in the UV band, but also raise the nebular continuum (by an amount of ∼2 dex). The higher UV spectrum is caused by more hotter stars produced by binary interactions. In Fig. 4 we give the distribution of stars in logT eff -logg plane for Bursts (SPs) at an age of logt/yr = 7.2 for Models A-MS79 and B-MS79. From the left panel, we can see that binary interactions (i.e., Model A-MS79) indeed produce some hotter helium stars (logT eff ∼ 4.9 and log g ∼ 5.8). These helium stars are originated from those binary systems, for which the primaries have evolved from the giant branch (GB, corehelium-burning) phase to the helium main-sequence (HeMS) phase due to the mass loss of the primaries. In Fig. 5 we give the evolution of such a binary system from zero age main sequence (ZAMS) to the end of helium burning in the logT eff -logL plane. From it we see that the primary would evolve from GB to HeMS phase due to the mass loss, and the luminosity of the secondary increases rapidly due to the mass increase. In general, these binary systems have rela- To quantitatively analyze the effect of binary interactions on the calibration factor between SF R and LHα, we give a fitting relation between log(SF R) and log(LHα) when log(SF R) ≥ −11 and ∆log(SF R) ≥ 0.05 for Models A-MS79 and B-MS79 by the following form:
where SF RHα means that it is calculated from LHα. The fitting coefficient (CHα) and the rms (σHα) are given in the 2nd and 3rd columns of Table 3 , respectively. This form of fitting (Eq. 13) is the same as that of K98, MPD98 and Mateus et al. (2007) . In fact, it is a linear relation between SF R and LHα.
From Fig. 1 we see that SF R does not vary linearly with LHα (it is easily seen when comparing the results of K98 and B04). Therefore, we also adopt the following form:
The fitted coefficients (A Table 3 . In the work of H03, the relation between SF R and the U-band luminosity is fitted by the above form (see their Eq. 10). In the top panels of Fig. 6 we give the comparisons in the log(SF R).vs.log(LHα) relation between fitting (log SF R fit ) and model data for Model A-MS79 in both cases of Eqs. 13 and 14. In the bottom panels of Fig. 6 we give the residuals (logSF RlogSF R fit ) as a function of logLHα.
SFR.vs.L1500 and SFR.vs.L2800
In Fig. 7 we give the relations between log(SF R) and the logarithmic UV-luminosities at 1500 and 2800Å of E, S0-Sd types of galaxies for Models A-MS79 and B-MS79, also give the results of K98, MPD98 and G10. The results of MPD98 are obtained by using S55 with α = −2. 35 and Scalo (1986) IMF.
From the left and right panels of Fig. 7 , we see that the differences in the SF R-L1500 and SF R-L2800 relations between Models A-MS79 and B-MS79 are small. By comparing the SF R of K98, MPD98 and G10 at given L1500 or L2800, we find that the log(SF R) increase from G10, Models A-MS79/B-MS79, MPD98-S55, K98 and MPD98-Scalo in turn (i.e., SF RG10 > SF R A−MS79/B−MS79 > SF RMPD98−S55 > SF RK98 > SF R MPD98−Scalo ), the differences between MPD98-S55 and K98 are small, and our results lie between G10 and MPD98-S55.
The reason that binary interactions do not affect SF R at given L1500 or L2800 can be seen from Fig. 8 , in which we give the evolutions of L1500 and L2800 of Burst, E, S0-Sc and Sd types of galaxies for Models A-MS79 and B-MS79. First, from the left panel of Fig. 8 , we see that the L1500 of Model A-MS79 is greater than that of Model B-MS79 only for Bursts at ages of logt/yr ∼ 9 (the maximal difference is ∼1 dex at an age of 1 Gyr). For the other galaxy types the difference in the L1500 is small. The reason for this is that the contribution of the SP with an age of ∼1 Gyr to the ISEDs is smaller for E, S0-Sd galaxies according to
where F (t) is the galaxy spectrum at time t, ψ(t − t ′ ) is the SFR at t − t ′ (see Eq. 9) and fSP(t ′ ) is the flux of SP with an age of t ′ . In addition, from the right panel we see that the difference in the L2800 between Models A-MS79 and B-MS79 is insignificant for all galaxy types at all ages. Therefore, binary interactions would not affect significantly the SF R-L1500 and SF R-L2800 relations.
Also we fit the log(SF R)-log(L1500) and log(SF R)-log(L2800) relations by using the expressions log SF Ri,UV (M⊙ yr −1 ) = log Li,UV (ergs s −1 Hz −1 ) + Ci,UV
and log SF Ri,UV
where i=1 denotes the wavelength λ = 1500Å, i=2 means λ = 2800Å, and SF Ri,UV means that it is from the i-th UV luminosity Li,UV. The fitting coefficients between log(SF R) and log(L1500 ) (Ci,UV, C Table 4 , and those between log(SF R) and log(L2800) are given in Table 5 .
SFR.vs.L [OII]
The luminosity of the [OII]λ3727Å forbidden-line doublet, L [OII] , is indirectly related to the ionizing luminosity. Often it is obtained by using the ratio of L [OII] /LHα, which is obtained empirically. In the work of K98 L [OII] /LHα = 0.45, in the work of H03 it is 0.23, in the work of G10 the value is 0.5, and in the È Ë code the value is 3.01/2.915. In this work we use the value of 0.23 used by H03 to obtain L [OII] . Because the fixed L [OII] /LHα ratio is used, the plot of the SF R.vs.L [OII] is similar to Fig. 1 . At a given SF R, the log(L [OII] ) is smaller than log(LHα) by an amount of log(1/0.23), i.e., the calibration curve moves upwards by log(1/0.23). Therefore we do not give the plot of SF R-L [OII] relation. Combining the conclusion made in Section 4.1 we know that binary interactions make the log(SF R) in terms of L [OII] larger by about 0.2 dex at a given L [OII] .
Also, we give a fitting relation between SF R and L [OII] by the following two forms: 
and
Because the fixed L [OII] /LHα ratio is used, the fitting coefficient A Eqs. 13-14) . The actual numbers can immediately be computed from the values in Table  3 .
SFR.vs.LFIR
In the computations of the above three SFR diagnostics (Section 4.1-4.3), the calibration factors are from those models with an exponentially decreasing SFR (i.e., Eq. 9), while the calibration between SFR and FIR luminosity is from the models with constant SFR under the assumption of the bolometric luminosity LBOL = LFIR.
In Fig. 9 we give the LFIR evolution of Irr galaxies (i.e., models with constant SFR) for Models A-MS79 and B-MS79. Also shown are the results of K98. In all cases the total mass of the model galaxy is normalized to 1 M⊙. From this figure we see that the difference in the LFIR evolution between Models A-MS79 and B-MS79 is small, that is to say, binary interactions almost do not vary the conversion factor between SF R and LFIR.
OTHER FACTORS ON SFR CALIBRATIONS
The calibrations between SF R and LHα, L1500, L2800, L [OII] and LFIR, which have been given in Section 4, can be affected by the adoption of different EPS models, IMF and the assumption of gas recycle. In this section, we will discuss the effects of these factors on the above mentioned SF R calibrations by introducing the Models A-S55, B-S55, . .., G-K93' and G-S55. For these models, the LHα, L1500, L2800, L [OII] and LFIR are calculated, and the calibration factors are presented in Tables. 3, 4 and 5, respectively. 
The effect of IMF
To analyse the effect of IMF on these calibrations, the results of Models A-S55 and B-S55 are needed to be combined with those of Models A-MS79 and B-MS79 (Section 4). Models A-S55 and B-S55 are built by using the ÙÒÒ Ò models with the S55 IMF and the assumption that the masses of the two component stars in a binary system are uncorrelated.
IMF on SF R.vs.LHα
In Fig. 10 we give the comparison in the SF R-LHα relation among Models A-MS79, A-S55, B-MS79 and B-S55. Also shown are the results of K98 and B04.
By comparing the SF R-LHα relation between Models A-MS79 and A-S55, and that between Models B-MS79 and B-S55, we see that the log(LHα) of Model A-S55 is smaller than that of Model A-MS79 by an amount of 0.4 dex, and that the prediction for Model B-S55 is smaller by ∼0.2 dex than that of Model B-MS79 for a given log(SF R). This is partly caused by the fact that Models A/B-S55 produce less massive-stars (see Fig. 11 ) and less Q(H) (see Fig. 12 ). In Fig. 11 we present a comparison of the IMF between Models A/B-MS79 and A/B-S55, where the S55 and MS79 IMFs are obtained by using the EFT's approximation (i.e., Eqs. 1 and 4) and are different from those given by Eqs. 2 and 5. In Fig. 12 we present the Q(H) evolution of all galaxy types for Models A-MS79, B-MS79, A-S55 and B-S55, respectively. From them we indeed see that the number of massive stars and therefore Q(H) at early ages of Bursts for Models A/B-S55 is less than those for Models A/B-MS79.
Moreover, by comparing the result between Models A-S55 and B-S55 we find that the difference in the SF R-LHα relation between them is small, which is significantly different from that between Models A-MS79 and B-MS79. The difference in the SF R-LHα relation between Models A-MS79 and B-MS79 is caused by the difference in the Q(H) of Bursts in the age range 6.7 < ∼ logt/yr < ∼ 8.4, while the difference in the Q(H) between Models A-S55 and B-S55 is small for Bursts at all ages (see Fig. 12 ). Why Model A-S55 could not produce more Q(H) than Model B-S55, like Model A-MS79?
This is because less hotter helium stars (logT eff ∼ 4.9 and logg ∼ 5.8) could be produced in the range 6.7 < ∼ logt/yr < ∼ 8.4 for Model A-S55 (see the right panel of Fig. 4 , and the comparison with the corresponding left-right panel). We can understand it from the discussion in Section 4.1 and from Figs. 11 and 13. First, from the discussion in the Section 4.1 we know that those hotter helium stars (present in the left panel of Fig. 4 ) evolve from those initial binary systems with the relatively large primary-mass (M1), large mass-ratio (q) and small orbital separation. Then, from Fig. 11 we know that the number of massive primary-stars becomes to be less for Model A-S55. Furthermore, from Fig. 13 we know that the number of binary systems with relatively large M1 and large q becomes to be less for Model A-S55. In Fig. 13 we give the the number of binary systems in the primary-mass range M1 → M1 + dM1 and the massratio range q → q + dq for Models A/B-MS79 and A/B-S55. The results of using the S55 IMF and assuming that the masses of the two component stars are correlated (the same Figure 13 . The number of binary systems in the ranges M 1 → M 1 + dM 1 and q → q + dq (dq=0.02) per million binary systems (dN ) for Models A/B-MS79 (red) and A/B-S55 (cyan). The grey circles denote the grid (M 1 , q), and the distance from grid to the right point denotes the number of binary systems. For comparison, we also give the results of using the S55 IMF and the assumption that the masses of the two component stars are correlated (blue).
as that in Models A/B-MS79) are also represented. For the sake of clarity, in Fig. 13 we only give the number of binaries with the primary-mass 8 ≤ M1 ≤ 45M⊙. These binaries are likely to evolve into hotter helium stars in the range 6.7 < ∼ logt/yr < ∼ 8.4, and the MS lifetimes of single stars with the upper and lower masses (8 & 45 M⊙) approximately correspond to the ages of logt/yr=6.7 and 8.4 (the MS lifetime of M = 3.5M⊙ is logt=8.4, the MS lifetime of star with M = 38.M⊙ is logt=6.7 at solar metallicity). From it we see that the number of binary systems with larger M1 and q is less for Model A-S55. Thus Model A-S55 could not produce more hotter helium stars and Q(H). Moreover, from Fig. 13 we also see that the number of binaries with larger M1 and q of Model A-MS79 is similar to that by using S55 IMF and assuming that the masses of the two component stars are correlated. Therefore, the real reason why Model A-S55 could not produce hotter helium stars is the assumption about the masses of two component stars in binary systems.
From the above discussion, we conclude that the SF R.vs.LHα calibration is affected not only by the adoption of the different IMF, but also by the assumption about the masses of the component stars in binary systems.
IMF on SF R.vs.L1500 and L2800
In Fig. 14 we give the comparisons in the SF R-L1500 and SF R-L2800 relations among Models A-MS79, A-S55, B-MS79 and B-S55. Also shown are the results of K98, MPD98 and G10.
By comparisons, we find that the log(L1500 ) and log(L2800) of Models A/B-S55 are smaller than the corresponding ones of Models A/B-MS79 by about 0.2 dex at a given log(SF R), the conversion curves move upwards from the lines of K98 and MPD98-S55. For the reason we provided in Section 5.1.1 (less massive stars), and from the results displayed in Fig. 15 (which represents the UV luminosities for all galaxy types predicted by the Models A-MS79, B-MS79, A-S55 and B-S55). We see that the L1500 and L2800 of Models A/B-S55 are smaller than the corresponding ones for Models A/B-MS79 at all ages for Bursts, leading to smaller L1500 and L2800 for E, S0-Sd galaxies and therefore larger conversion factors between SF R and L1500 and between SF R and L2800.
From the left panel of Fig. 14 , we see that the difference in the SF R-L1500 relation between Models A-S55 and B-S55 is small, which is similar to the case of using MS79 IMF (see Fig. 7 ). The reason is the same given in the discussion presented in the 3rd paragraph of Section 4.2, i.e., the L1500 of Models A-S55 is smaller than that of B-S55 only for Bursts in the age range 8.75 < ∼ logt/yr < ∼ 9.2, and the maximal difference between them is ∼1 dex (also see the left panel of Fig. 15 ). This would not affect significantly the L1500 of E, S0-Sd galaxies. Therefore IMF would not affect significantly the SF R.vs.L1500 conversion.
Moreover, from the right panel of Fig. 14, we see that the difference in the SF R-L2800 relation between Models A-S55 and B-S55 is also small. This is because that IMF does not affect the L2800 for Bursts at all ages.
IMF on SF R.vs.L [OII]
Because we use the fixed L [OII] /LHα ratio, the effect of IMF on the SF R.vs.L [OII] conversion is the same as that on the SF R.vs.LHα conversion, i.e., the conversion factor between SF R and L [OII] of Model A-S55 is larger than that of Model A-MS79 by ∼0.4 dex, the conversion factor of Model B-S55 is larger than that of Model B-MS79 by ∼0.2 dex, and the difference in the SF R.vs.L [OII] conversion between Models A-S55 and B-S55 is small.
IMF on SF R.vs.LFIR
In Fig. 9 we give the LFIR evolution of Irr galaxies for Models A-S55 and B-S55. From it we see that the LFIR of Models A/B-S55 is lower than that of Models A/B-MS79 by an amount of ∼0.2 dex. Therefore, the conversion factor between SF R and LFIR of Models A/B-S55 is larger than that of Models A/B-MS79 by an amount of ∼0.2 dex.
The effect of gas-recycle assumption
In this part we use the Models C and Cr to discuss the effect of gas-recycle assumption on these SF R calibrations. In Models C and Cr the value of ǫ (see Eq. 9) is set to 0 and 1, respectively, i.e., in Model C the gas can not be recycled into new star formation, while in Model Cr it can.
In Fig. 16 we give the calibration between SF R and LHα for Models C-Cha03, C-S55, Cr-Cha03 and Cr-S55 (left and right are for Models C and Cr, respectively). By comparison, we see that log(SF R) does not vary linearly with log(LHα) within a certain SFR (age) range for E, S0-Sd types of galaxies when considering the gas-recycle assumption (i.e, Models Cr-Cha03/S55), and that log(LHα) of Models CrCha03/S55 is greater than that of Models C-Cha03/S55 at a given log(SF R) (easily seen by comparing with the line of B04). This is because the inclusion of the gas-recycle assumption produces more Q(H) and larger LHα. In Fig. 17 we give the evolution of Q(H) of Sd-type galaxies for Models C-Cha03 and Cr-Cha03.
Moreover, from Fig. 16 we see that the difference in the log(SF R)-log(LHα) relation between Models C and Cr increases with decreasing SFR (increasing age). For example, the line of Model C-Cha03 overlaps that of B04 at log(SF R) ∼ −11, while that of Cr-Cha03 is shifted to the right of the line of B04 (∼0.1 dex). The reason for this is that the difference in the Q(H) increases with age (see Fig. 17 ).
For the L1500 and L2800, the situation is similar to that of LHα. For the sake of size, we do not give the plots for them in this paper. The inclusion of gas-recycle assumption can lower the derived SF R in terms of Li,UV by an amount of 0.05 dex at log(SF R) ∼ −12.
For the L [OII] , the situation is the same as that of LHα. As for the LFIR, the inclusion of gas-recycle assumption almost does not affect the conversion factor between SF R and LFIR. 
The effect of EPS models
We use all Models, except for the set of Model Cr, to analyse the adoption of different EPS models on these SF R calibrations. These models use the EPS models of ÙÒÒ Ò¸ ÁËË Ä ¸ ¼¿¸ÈÓÔËÌ Ê¸ËÌ Ê ÍÊËÌ and È Ë , respectively. To decrease the influence of IMF, we divide the comparisons into two groups. One group uses the S55 IMF and another group uses NON-S55 (including K01, K93', MS79 and Cha03) IMF. Moreover, we only compare our results with those studies by using the same (similar) IMF.
EPS models on SF R.vs.LHα
In Fig. 18 we give the comparison in the SF R-LHα relation for all models by using S55 and NON-S55 IMFs.
At first, from the left panel of Fig. 18 we see that Models A-S55, B-S55 ( ÙÒÒ Ò) and F-S55 (ËÌ Ê ÍÊËÌ ) give the similar SF R-LHα calibration and the corresponding curves lie above the line of K98. The calibration curve of Model E-S55' (ÈÓÔËÌ Ê) locates below the line of K98 and is the lowest one; the calibration curve of Model C-S55 ( ¼¿) is close to that of K98; and the calibration curve of Model G-S55 (È Ë ) lie between Models C-S55 and E-S55' and does not display a linear calibration relation. The difference in the SF R.vs.LHα calibration caused by the adoption of different EPS models can reach ∼ 0.7 dex when using the S55 IMF.
From the right panel of Fig. 18 we see that the calibration curves of Models C-Cha03 ( ¼¿) together with D-MS79 ( ÁËË Ä ) overlap the line of B04, and the calibration curves of the other models locate above that of B04 (from bottom to up, A-MS79, B-MS79, E-K01. F-K93'). The difference in the SF R.vs.LHα calibration is ∼ 0.9 dex when using NON-S55 IMF. This difference is partly caused by the difference in the IMF. In Fig. 19 we give the comparison among the S55, S55', K01, K93' and MS79 IMFs.
5.3.2 EPS models on SF R.vs.L1500 and SF R.vs.L2800
In Fig. 20 we give the comparisons in the SF R-L1500 and SF R-L2800 relations for all models except for the set of Model E (ÈÓÔËÌ Ê), for which the ISEDs are not provided. Top and bottom panels are for the results based on S55 and NON-S55 (including K01, K93', MS79 and Cha03) IMFs, respectively.
At first, from the top panels of Fig. 20 , we see that the SF R.vs.L1500 and SF R.vs.L2800 conversion factors of all models with the S55 IMF (A-S55, B-S55, C-S55, F-S55 and G-S55) are similar to those of K98 and MPD98-S55 (i.e., the results with the S55 IMF). The differences in the SF R.vs.L1500 and SF R.vs.L2800 conversion factors, caused by the adoption of different EPS models, are less than ∼0.3 dex when using the S55 IMF.
From the bottom panels of Fig. 20 , we see that all models with NON-S55 IMF (A-MS79, B-MS79, C-Cha03, D-MS79, F-K93' and G-K93') give small SF R-L1500 and SF R-L2800 conversion factors than the corresponding ones of MPD98-Scalo and similar values to those of G10 (for MPD98-Scalo and G10, the NON-S55 IMF is used).
The differences in the SF R.vs.L1500 and SF R.vs.L2800 conversion factors, caused by the adoption of different EPS models, can reach ∼0.2 dex when using NON-S55 IMF. This is partly caused by the difference in the IMF.
EPS models on SF R.vs.L [OII]
The effect of EPS models on the SF R-L [OII] relation is the same as that on the SF R-LHα relation, i.e., the difference in the SF R.vs.L [OII] conversion factor can reach ∼ 0.7 dex when using the S55 IMF, and ∼ 0.9 dex when using the NON-S55 IMF.
EPS models on SF R.vs.LFIR
In Fig. 21 we give the LFIR evolution of Irr-type galaxies (i.e., models with const SFR) when using the S55 and NON-S55 IMFs for all models except for the set of Model E (ÈÓÔËÌ Ê). From this figure we see that the difference in the EPS models can cause the difference of 0.4 dex in the SF R.vs.LFIR conversion factor when using the S55 IMF, and the difference of 0.8 dex when using the NON-S55 IMF.
SUMMARY
We use the ÙÒÒ Ò EPS models with and without binary interactions to present the luminosities of the Hα recombination line, the [OII]λ3727 forbidden-line doublet, the UV (at 1500 and 2800Å) and the FIR continuum for Burst, E, S0, Sa-Sd and Irr galaxies, and present the calibrations of SFR in terms of these diagnostics.
By comparison, we find that binary interactions lower the SFR.vs.LHα and SFR.vs.L [OII] conversion factors by ∼0.2 dex, and do not significantly vary the SFR.vs.Li,UV (at 1500 and 2800Å) and SFR.vs.LFIR calibrations.
We also consider the effects of IMF, the gas-recycle assumption and EPS models on these calibrations. By comparison, we find that the SFR.vs.LHα and SFR.vs.L [OII] conversion factors of Models A/B-S55 are larger by 0.4 and 0.2 dex than the corresponding ones of Models A/B-MS79, and that the SFR.vs.Li,UV and SFR.vs.LFIR conversion factors are larger by 0.2 dex. By comparing the results between Models C and Cr, we find that the inclusion of gas-recycle assumption only lowers the SFR calibrations at faint SFR. Also we use the other EPS models ( ¼¿, ÁËË Ä , ÈÓÔ¹ ËÌ Ê, È Ë and ËÌ Ê ÍÊËÌ ) to obtain these SFR calibrations. By comparison, we find that the differences in the SFR(LHα) and SFR(L [OII] ) calibrations reach ∼ 0.7 and 0.9 dex, the difference in the SFR(LFIR) calibration reaches 0.4 and 0.8 dex, and the differences in the SFR(Li,UV) calibration reach 0.3 and 0.2 dex when using S55 and NON-S55 (partly caused by the difference in the IMF) IMFs, respectively.
At last, in this paper we give the conversion coefficients between SF R and these diagnostics for all models. In this paper we have only considered the effects of binary interactions for solar metallicity galaxies -more detailed studies will be given.
